Groundwater being the water present beneath the earth surface is a fresh water source due to its lower tendency to be polluted but stand the risk of contamination in recent times due to increase in industrialization, population and poor waste management. Hence the heavy metal assessment of groundwater around waste management sites in Rivers State, Nigeria was carried out. The ground water samples were collected from three locations Iwofe, Igwuruta and Oyigbo all in Rivers state for heavy metals and microbiological analysis using the American Public Health Association (APHA) methods and standard method of culturing, isolating and identification using biochemical tests and Gram staining. The obtained results were compared alongside World Health Organization (WHO), Federal Environmental Protection Agency permissible limits (FEPA). The results showed that there was significant bacteria presence in the groundwater of selected areas and it also showed that heavy metals were also present in the water. The study of heavy metals and microbiological assessment of this groundwater samples suggest that a proper and an advanced waste management practices should be put in place to curb ground water contamination.
INTRODUCTION
Water is made up of two elements, hydrogen and oxygen and it is sometimes called "Universal solvent" as it can dissolve many substances. Water is essential for all living organisms, many industrial, agricultural and manufacturing activities. Hence, potable water source is an essential material for establishing a stable and safe community [1, 2] . Water covers about 75% of the earth surface. It is found as surface water in streams, rivers, lakes and as groundwater when locked up in the rocks [3] .
Groundwater is the water present beneath the earth surface and also a fresh water source due to its lower tendency to be polluted in comparison with surface water and its large storage capacity. However, quality of groundwater stands the risk of contamination if it is not far from perpetual pollutants [4, 5] .
The source of water pollution has been attributed mostly to biological and chemical route [6] . Groundwater quality is vital to be protected because if it is contaminated, the restoration of its quality is usually difficult. Artificial cause confers immensely to surface and underground water pollution [7] .
The rapid growth in the population and urbanization, adds greatly to the volume of waste being generated in the cities which adds to the demand for waste retrieval services in municipal and industrial areas. Clark [8] described landfill practices as the infilling depressions on land by disposal of solid waste. These ditches that harbor solid wastes comprise the low lands, relinquished location of dig up, and occasionally picked out area where people live and business places in the metropolis with often limited capacity to collect, process, dispose of, or re-use solid waste in a cost-efficient and safe manner.
Leachate from the waste which contains dissolved solids, suspended solids, and different chemicals such as detergents, inanimate substances and complex biological substances and heavy metals such as copper, lead, cadmium, mercury etc., which are too harmful to human health and the environment [9] . Water already present in the waste, or water generated by biodegradation causes the leachate to leave the dumping ground laterally or vertically and finds its way into the ground water thereby causing contamination during rainfall [10] . In recent times, the impact of leachate on groundwater and other water resources have attracted a lot of attention because of its overwhelming environmental significance. The significance of this work is to determine areas of possible environmental pollution and how the pollution affects the groundwater.
MATERIALS AND METHODS

Sampling Sites / Collection
The water sample location was selected from the most prominent dump sites in Rivers State waste management sites. The study areas covered Iwofe, Igwuruta and Oyigbo dumpsites situated in Rivers East, Rivers South East senatorial, Rivers State, Nigeria.
Water samples were collected from the dumpsites of the three location (Iwofe, Igwuruta and Oyigbo) between August and October 2017. The distance between boreholes and dumpsites were measured with position accuracy of 10 m, 15 m, and 10 m at Iwofe, Igwuruta and Oyigbo respectively using a measuring tape.
Water samples from the sites were collected aseptically into 25 ml sterile universal specimen bottles from running borehole taps for the conventional microbiological analyses. The sample bottles were capped and labeled with the details of the water source, time and date of collection.
Samples were immediately transported to the laboratory in ice pack for microbiological analysis.
Sample Collection for Heavy Metals Analysis
The water sample for the physicochemical Analysis were collected in a clean one litre (1.0 L) polyethylene bottle. All the water samples collected were sent to the laboratory in dark boxes (to prevent photochemical effect) for the analyses.
Isolation and Enumeration of Bacteria in Water Samples Using the Conventional Methods
The culture plates used were labeled clearly for proper identification of the samples. The water samples were not diluted because they were clear and not turbid. The spread plate technique was used to culture the water samples on the different media used which are (Nutrient Agar,
Fig. 1. Map showing the three sample stations
MacConkey, Salmonella -Shigella agar, Thiosulphate Citrate Bile Salt and Sucrose agar TCBS, Eosin Methelyne blue agar). An aliquote (0.1 ml) of each sample was pipetted and placed on each of the media after which the sterile spreader that was flamed was used to spread each of the inoculum in the plates. [11] . They were then incubated at 37°C for 24 hours in an incubator.
The results of each plate was read by counting the number of bacteria which served as total heterotrophic bacteria count and the morphological and cultural characteristics of the bacteria growth were noted and recorded while the total coliform and faecal coliform was also recorded. This was followed by Gram staining after a pure culture was made the next day to help identify the bacteria. Further identification of the isolated bacteria was done by carrying out biochemical test and using Bergey's Manuel of Determination Bacteriology, Ninth Edition.
Most Probable Number (MPN)
The Most Probable Number (MPN) technique was used to determine the presence of the total coliforms in the water and also the presence of faecal coliform [11] .
Presumptive Test
Using a 10 ml pipette, a set of five tubes containing 10 ml double strength MacConkey broth was inoculated with a 10 ml volume of the water sample and into another set of five tubes containing 10 ml single strength MacConkey broth was inoculated with 1.0 ml of the sample, another set of five tubes of 5ml single strength MacConkey broth was inoculated with a 0.1 ml volume of the water sample. Tubes were incubated at 37°C for 48 hours. From the number and distribution of positive and negative reactions, MPN of coliforms in the sample were estimated by reference from the probability tables of McCrady. A positive presumptive test is indicated by the formation of both acid and gas. MacConkey broth is red initially and turns yellow under acidic conditions with neutral red indicator. Thereafter, positive test was further subcultured to obtain results for Confirmed test and Completed test.
Heavy Metals Analysis for Groundwater Samples
The samples were analyzed for heavy metals water parameters using the standard methods described by the American Public Health Association for the examination of water and wastewater [12] and Hach DR 2000 direct absorbance spectrophotometer.
RESULTS
The determined heavy metals parameters of the water sample obtained is shown in Table 1 .
The total heterotrophic bacteria count in the water samples ranged from 1.3 X 10 6 cfu/ml and 2.8 X 10 5 cfu/ml at Iwofe, 5.3 X 10 5 cfu/ml to 6. 8 X 10 5 cfu/ml at Igwuruta, 3.2 X 10 5 cfu/ml to 5.8 X 10 5 cfu/ml at Oyigbo and this shows that the water samples contain bacteria (Fig.1) .
The Most Probable Number (MPN) of coliforms present in the water samples using the multiple tube technique of MacConkey broth medium ranged from 1.50 to 4.30 at Iwofe, 0.36 to 0.92 at Igwuruta and 0.36 to 0.72 at Oyigbo respectively as shown in Table 2 .
The biochemical characterization of the bacteria isolates obtained are shown in Table 3 .
DISCUSSION
Heavy metal analysis revealed arsenic, lead, nickel, cadmium, mercury and palladium were absent in all water samples studied. However, zinc, chromium, copper, and iron were present. Zinc concentrations ranged from 0.3 to 1.42 mg/L for water sources near dumps sites and 0.38 to 2.18 mg/L for water sources away from dump sites. The maximum allowable zinc concentration for drinking water according to WHO [13] is 5.0 mg/L. This means that all samples are within the specified limit.Chromium concentration ranged from 0.03 to 0.17 mg/L for water sources near dumpsites and 0.09 to 0.14 mg//L for water sources far away from dumpsites. The maximum acceptable limit for chromium according to WHO [13] is 0.05 mg/L. This implies that the samples are not within the stipulated standards hence a cause for concern and immediate attention.Iron concentrations ranged from 0.14 to 0.1 mg/L for water sources close to dumpsites and 0.05 to 0.36 mg/L for samples faraway from dumpsites.
The maximum allowable concentration of iron in drinking water is 0.3 mg/L [13] . This implies that the water source at Igwuruta study area though far away from dumpsites is not within standard. This is in line with the study of Aderemi et al., [14] who reported that 75% of studied water samples were out of specification, though the authors suggested that the high iron concentrations were influenced by dump sites near the water sources.
It can be said that the dumpsites had no influence on the metal concentrations of some of the water sources (where heavy metal concentrations were higher in the water sources far away from the dumpsites compared to the water sources close to the dumpsites) close to dumpsites, however may have impacted on the water sources close the dumpsites that had high metal concentrations compared to the water sources far away from the dumpsites. Dumpsites are at the receiving end of all sorts of materials including metal-containing substances. Heavy metals in drinking water have been implicated in chronic disease conditions and also listed their adverse effects on human health [15] . Dumpsite is a major source of groundwater pollution as the migration of this leachate follows the flow of groundwater movement, for this reason, dumpsites must be kept off from the direction of flow of groundwater [15] .
Coliform number in the proximal samples ranged from 4.30 to 0.72 MPN/ml while counts obtained from the distal samples ranged from 1.50 to 0.36 MPN/ml. The high coliform number recorded from the proximal samples compared to the distal samples can be attributed to proximity of the underground water sources to the dump sites in line with David and Oluyege [16] analyzed underground water at close proximity to dump sites were Coliform counts ranged from 1.3 × 10 1 and 9.1 × 10 2 cfu/ml. Results from the present study shows that the collected samples did not meet the WHO limits for coliforms in drinking water sources which states that coliform counts must be zero per 100 ml of water. The contamination of ground water by coliforms poses serious health risk.
The total heterotrophic bacterial counts, were revealed to be higher in the proximal samples compared to the distal samples. Total heterotrophic bacterial counts obtained from proximal and distal samples ranged from 3.8 x 10 5 to 1.8 x 10 6 cfu/ml. The WHO standard for heterotrophic bacteria in potable water supplies states that the total heterotrophic bacterial count should not be more than 100 cfu/ml [17] . Based on WHO standards, the borehole water samples from the present study are unacceptable for human consumption because of their high bacterial loads. 
CONCLUSION
This study has revealed that groundwatersin Iwofe, Igwuruta, and Oyibo are not safe for consumption due to the increased growth of bacteria and heavy metal accumulation in the rivers. However, it is recommended that environmental protection policies should be a matter of emergency for the good health of the public. Abii TA, Nwabienvanne EU. 
